Dihydrodipicolinate synthase from Campylobacter jejuni: kinetic mechanism of cooperative allosteric inhibition and inhibitor-induced substrate cooperativity.
Dihydrodipicolinate synthase (DHDPS), an enzyme of the meso-diaminopimelate pathway of lysine biosynthesis, is essential for bacterial growth and is considered a target for novel antibiotics. We have studied DHDPS from Campylobacter jejuni for the first time, determining the kinetic mechanism of catalysis and inhibition with its natural allosteric feedback inhibitor (S)-lysine. The tetrameric enzyme is known to have two allosteric sites, each of which binds two molecules of lysine. The results suggest that lysine binds highly cooperatively, and primarily to the F form of the enzyme during the ping-pong mechanism. By applying graphical methods and nonlinear regression, we have discriminated between the possible kinetic models and determined the kinetic and inhibition constants and Hill coefficients. We conclude that (S)-lysine is an uncompetitive partial inhibitor with respect to its first substrate, pyruvate, and a mixed partial inhibitor with respect to its second substrate, (S)-aspartate-β-semialdehyde (ASA), which differs from the kinetic models for inhibition reported for DHDPS from other sources. The Hill coefficients for the binding of lysine to different forms of the enzyme are all greater than 2, suggesting that the two allosteric sites are not independent. It has been found that ASA binds cooperatively in the presence of (S)-lysine, and the cooperativity of binding increases at near-KM concentrations of pyruvate. The incorporation of Hill coefficients into the kinetic equations was crucial for determining the kinetic model for this enzyme.